The fibrinolytic activity of proteases secreted by chick embryo fibroblasts infected with Rous sarcoma virus was studied by use of a procedure in which a fibrin clot was formed with highly purified fibrinogen and thrombin above the cell layer. This procedure results in the formation of fibrin that is apparently a more suitable substrate for studies on fibrinolysis than is fibrin prepared by other methods.
reported by previous investigators. Maintenance of some of the transformed phenotypes of Rous sarcoma virus transformed chick embryo fibroblasts such as morphological change and increased rate of glucose uptake apparently does not depend on the presence of plasminogen in the culture medium.
Fibrinolysis has been studied on a number of cell systems (1) (2) (3) (4) (5) (6) . Using a cross-linked dried fibrin film as substrate, Unkeless et al. (1) have shown that some transformed cells, for example, chick embryo fibroblasts infected with Rous sarcoma virus (RSV), secrete an enzyme which, after interaction with a component of normal serum, results in dissolution of fibrin coated on a culture dish. The factor secreted by the transformed cells has been identified as a serine protease specific for the activation of serum plasminogen to plasmin (7, 8) . The latter is the protease directly involved in the process of fibrinolysis. Since untransformed, primary cells for the most part do not secrete a plasminogen activator, it has been suggested that plasmin may play a role in the transformation of several primary cell types of some oncogenic viruses (9) (10) (11) .
Since fibrin becomes a poorer substrate for plasmin with increase in the degree of cross-linking (9) there was the possibility that some enzyme activities secreted by transformed cells were being left unrecognized by the standard assay procedure used by Unkeless et al. (1) . For this reason we have developed an assay system in which an uncross-linked fibrin clot was formed by reaction of purified fibrinogen and purified thrombin above the cells in culture. We have shown that transformed chick embryo fibroblasts in contrast to untransformed cells secrete proteases, which act directly on the fibrin clots, causing them to dissolve in the absence of plasminogen or serum. The proteases under investigation are therefore to be distinguished from plasmin that is produced via plasminogen activator.
Abbreviations: RSV, Rous Methods. The chromatography of solutions on columns of Sephadex G-200 was performed as described by Chen and Buchanan (12) . Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was carried out by a procedure described previously (12, 19) . The rate of deoxyglucose transport was measured according to the method of Martin et al. (20) except that the medium was supplemented with nonradioactive glucose at a concentration of 1 mM. Thymidine incorporation was measured as described previously (5) . In order to study the morphology of cells, the medium was withdrawn from the culture dish and photographs were taken through a Dyna Zoom phase contrast microscope (Bausch-Lomb Co.) with Kodak Panatomic X film.
Fibrinolytic Assay. Cell cultures were washed three times with 3 ml of Dulbecco modified Eagle's medium. One milliliter of sterilized fibrinogen (1 mg/ml unless otherwise noted) dissolved in serum-free Dulbecco modified Eagle's medium and containing a trace amount of 1251-labeled fibrinogen was added to the culture dish. Ten microliters of highly purified thrombin (0.1 mg/ml) were added with mixing. A clot formed within a few seconds. The dish was then incubated at 370 under a 10% COr90O% air mixture. At the end of the indicated time the liquid formed in the dish was withdrawn with a Pasteur pipette tipped with glasswool. The radioactivity was measured with a gamma counter (Nuclear Chicago).
RESULTS
An important feature of the experiments to be described is the demonstration that the materials used to grow cells or to form a clot in the culture plate are free of plasminogen.
Preparation of Plasminogen-free Bovine Fibrinogen. Highly purified thrombin and fibrinogen used in these experiments both migrated as single bands on sodium dodecyl sulfatepolyacrlamide gel columns ( Fig. 1A and B, respectively).
When 200 jug of purified fibrinogen were reduced with mercaptoethanol, heated to 1000 for 1 min and then subjected to electrophoresis on a sodium dodecyl sulfate-polyacrylamide gradient slab gel, only three bands corresponding to the a, g, and -y subunits of fibrinogen were detected (Fig. 1C) . In no instance could a band of protein corresponding to plasminogen be detected by this sensitive system.
The absence of plasminogen in our preparation of fibrinogen is further demonstrated by incubation of 1 ml of the latter with 10-1000 units of urokinase for 16 hr at room temperature. A fibrin clot, which was then made by addition of 1 Ag/ml of thrombin, did not dissolve after incubation for 1 week at 370 in a tissue culture incubator. When plasminogen added in a concentration of 0.05 ,g/ml was first incubated with urokinase and then mixed with fibrinogen, the clot formed with thrombin did undergo fibrinolysis to the extent of 24% after 4 days. These experiments establish that our fibrinogen as well as thrombin were not contaminated with plasminogen and defined the limits of contamination that could be detected by our experimental procedure. They also demonstrate that human urokinase, an extensively studied plasminogen activator, does not by itself have fibrinolytic activity.
Preparation of Plasminogen-free Calf Serum. When calf serum was mixed with an equal volume of lysine-Sepharose beads, the unabsorbed supernatant contained less than 10% of detectable plasminogen in untreated calf serum as determined by the caseinolysis assay of Robbins and Summaria (21) . The remaining plasminogen could be effectively removed by passing the supernatant through a lysine-Sepharose column as described by Ossowski et al. (10) . However, iii order to reduce further the possible residual amount of plasminogen only 10 ml of supernatant were applied to a lysineSepharose column with a bed volume of 40 ml. The unabsorbed proteins were pooled and dialyzed against PBS. These procedures resulted in a preparation, which after treatment with urokinase, showed virtually no increase in caseinolytic activity. This observation indicated that either plasminogen had been completely removed or that its concentration had 20 -to 80-fold higher than that used for growing or maintaining transformed cells. After washing three times with 4 ml of PBS, the cells were incubated with 1 ml of urokinase dissolved in Dulbecco modified Eagle's medium (10 units/ml) for 24 hr at 37°. One tenth milliliter of fibrinogen (10 mg/ml) was then added and a clot was subsequently formed by mixing with 10 IAl of thrombin (0.1 mg/ml). No fibrinolysis was observed after incubation for 4 days. We are, therefore, confident that in the experiments to be reported the fibrinolytic activity observed cannot result from the action of plasminogen activator secreted by transformed cells on contaminating amounts of plasminogen present on the surface of the cells.
Fibrinolytic Activity as a Function of Cell Number and Incubation Time. In the experiment reported in Fig. 2 , infection was carried out on primary chick embryo fibroblasts, which were then incubated for 3 days at 39°. The trypsinized secondary cells were then seeded at different densities and incubated for 13 hr at 39°. The medium was removed, the cells washed, and a clot formed. As seen in Fig. 2 Since the products of fibrin digestion by these three enzymatic systems could not be distinguished by such a general procedure, they were each subjected to electrophoresis on sodium dodecyl sulfate-polyacrylamide gel columns (Fig. 3) . Although the general profiles of the three samples judged on the basis of molecular weight are similar, nevertheless the exact patterns of products of digested fibrin can readily be distinguished. This observation confirms the belief that the Fig. 4 . The capacity of the cells to produce and secrete fibrinolytic activity remained for about 4 hr after a shift from 360 to 410, but then decreased with longer incubation time so that at 24 hr no significant fibrinolytic activity could be detected. At this time the cell morphology resembled that of the untransformed phenotype.
When the-shift in the reverse direction was made, significant fibrinolytic activity appeared as early as 8 hr and continued to increase thereafter. Control cultures maintained at 410 showed no fibrinolytic activity, whereas those kept at 360 exhibited full activity as expected.
A B (Fig. 5) . Thus, by none of the criteria of transformation mentioned could cells be distinguished on the basis of the presence or absence of plasminogen in the culture medium.
DISCUSSION
The results of experiments reported in this communication indicate that chick embryo fibroblasts infected with Rous sarcoma virus secrete proteases capable of digesting directly a fibrin clot formed on top of the cultured cells. Normal chick embryo fibroblasts do not possess such activity. The expression of this activity does not depend on the prior action of the secreted protease on the plasminogen of serum. These observations contrast with those reported by Reich's group (8) , who have shown that serum plasminogen is an essential component of their assay system. The protease studied by these investigators functions as a plasminogen activator and shares many properties with urokinase (7). The discrepancy between the investigations herein reported and those of previous investigators undoubtedly lies in the differences in the two assay systems. The fibrin clot used as substrate in the present studies was formed by reaction of highly purified thrombin and fibrinogen and did not involve drying procedures nor the presence of transglutaminase, which would cause cross-linking between fibrin strands. For these reasons it is likely that previous investigations would not have detected the proteolytic activities reported in this communication.
The experiments of previous investigators (5, 7) have shown beyond doubt that transformed cells secrete a plasminogen activator, whose action in fibrinolysis is amplified by catalyzing the conversion of plasminogen in serum to plasmin. If the plasminogen activator secreted is indeed similar to or identical with urokinase, it would have a very selective proteolytic function, namely the activation of plasminogen. On the other hand, if the enzyme that is responsible for the fibrinolysis observed in this investigation is indeed identical with chick plasminogen activator purified by Unkeless et al. (7), our result would suggest that chick plasminogen activator has a broader range of peptide bond cleavage than usually ascribed to human urokinase.
A second, and possibly more probable, alternative is the proposition that proteases other than plasminogen activator are secreted by transformed cells and that these activities are being detected by use of our more readily hydrolyzable fibrin clot as substrate. Although we have at the present time little specific information about the number or specificity of these fibrolysins, we do have indirect evidence that they are not identical with plasminogen activator. This conclusion is based on two observations. First, the plasminogen activator from human urine, urokinase, does not possess fibrinolytic activity in our assay system. Second, we have shown (unpublished results) that the fibrinolysin from transformed chick embryo fibroblasts is readily inhibited by soy bean trypsin inhibitor, whereas this inhibitor does not affect the activation of plasminogen by plasminogen activator isolated from the same source (J. C. Unkeless, personal communication).
Finally, in contrast to the hamster cell systems where plasminogen is required for some transformation phenotypes (9, 10), we have shown that the presence of plasminogen in the extracellular fluids is not essential for the maintenance of the morphology and increased rate of glucose uptake in chick embryo fibroblasts transformed with Rous sarcoma virus. Although plasmin has been suggested to be mitogenic (11), we found that the growth rate and cell density of RSV-transformed chick cells are not dependent on the presence of plasminogen. Thus, plasmin does not appear to be involved in the transformation process of chick embryo fibroblasts.
